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INTRALUMINAL DEVICE ™ to . devtlopio, prc«* u, p.«e™ °. 

BACKOKOUND OF THE INVENTION f - »- jK*J SJttSS 

1. Field of the Invention paltem. Following such etching, the remainder of the coat- 

This invention pertains to tubular intraluminal devices mg i s removed, 

(such as stents or catheters) for placement in a lumen of a whiu ln6 . 429 palC nt represents a significant advance in 

patient's body More particularly, this invention pertains to ^ pro d U ction of stents and catheters, chemical etching 

a method for manufacturing such devices. so presents certain challenges. For example, when a chemical 

2 Dcscriotion of the Prior Art etchant is applied to a limited exposed area on the exterior 

treat obstructed coronary arteries, lypicany, sucn ^miral etchine Drocess For example, intricate, narrow 

reticulated tubular structure. The ^ten's are placed oa a ctaa ^^^^^.deb. 

In addition to advancing stents as described above, cath- fl STJMMARY OF THE INVENTION 
eters are used in a wide variety of applications. Accordingly, 

catheters are available in a wide variety of designs. Many According to a preferred embodiment of the present 

such designs require extremely small diameter and flexible invention, a method is disclosed for forming a generally 

catheters. For example, in neurological applications, cath- lubular device (e.g., a stent or catheter) for placement in a 

eters must be extremely narrow and flexible in order to be lumcn of a patient's body. The method includes forming a 

advanced through the patient's vasculature to a desired site. depressed pattern in an external surface of a mold. The 

To achieve the small diameters and desired flexibility as depressed pattern corresponds to a desired shape of a 

we 1 as other properties, stent, catheters and other tubular generally tubular device for placement in a lumen of a 

i^™iu^rcte^may include hollow tubes fabricated patient's body. A material is deposited in the depressed 

w h ^ through the walls of the Jaltern for ^material to form the generally lubu ar de^ce 
Tube For example, U.S. Pat. No. 5,573,520 dated Nov. 12, M conforming to the depressed pattern. THe generally tubular 

1996 teaches a catheter with a tube having a plurality of device is separated from the mold. 

apertures to increase flexibility. DESCRIPTION OF THE DRAWINGS 
Since intraluminal devices have such small diameters, it 

is extremely difficult to fabricate these devices. For example, piG j ^ a s jde-elevalion view of a blank mandrel for use 

prior art stents would be formed by laser-machining a m . fl lnc metnoc j 0 f the present invention; 

solid-walled metal tube. Through accurate control of the ?]Q 2 {& & ^ lflken al()ng line 2 __ 2 in FIG. 1; 

laser, the laser would be axially and circiimferenUal^ sid e-elevation view of the mandrel of FIG. 1 

moved relative to the stent and selectively energized to form m. .J is a «? 

hiehlvdctaUed holes through the wall of the tube and, hence, coated with a photoresist, 

Sma S of desired intricate lattice pattern. 45 FIG. 4 is a view taken along line 4-4 n FIG. 3 

User machining is very costly as well as presenting other FIG. 5 is a side-elevation view of the photoresist-coated 

^^tX the'art redeveloped other techniques ma ndrel of FIG. 3 following ilig« for imaging a 

for forming reticulated intraluminal devices. For example desired device pattern onto the photoresist, 

U.S. Pat. No. 5,421,955 to Lau et al. dated Jun. 6, 1995 pjQ, g ^ a view taken along line 6—0 in wo. 5; 
describes a process for forming stents from a hollow metal 50 f1 q 7 is a s id e -elevatioo view of the imaged mandrel of 

lube. The tube is coated with a coating resistant to chemical plG 5 wilh thc i magc d pattern developed and removed; 

etching. Using a laser, portions of the coating are removed p]G 8 is a view taken along line 8-S of FIG. 7; 

to expose a pattern on the tube ^rresponding with a pattern sidc ^levation view of the developed mandrel 

of tube material to be removed in a ^ stem design^ WO. > * s of ^ mandreI 

With the coating so removed, 55 expo^d though the developed pattern; 

to remove tube materia exposed by reason of the selective cxpuj*u m B r r 

removal of the coating. Subsequent to such etching, the FIG. 10 is a view taken along line 10-10 of F a 

remainder of the coating is removed to finish thc stent F IG. 11 is a side-elevation view of the etched mandrel ot 

forming process. Even though the laser is not being used to F IG. 9 with undeveloped photoresist stripped away; 

remove metal, the use of a laser is still required to remove 60 pjQ 12 j s a view taken along line 12—12 of FIG. 11; 

the coaling. Such a use is complicated, costly and difficult to ^ 13 is a side-elevation view of the stripped mandrel 

control. of FIG. 11 following deposit of a metal layer; 

Commonly assigned U.S. Pat. No. 5,741,429 issued Apr nG 14 is a view taken along line 14—14 of FIG. 13; 

20, 1998 permits the formation of reticulated intralumina 15 ^ a side-elevation view of the deposited mandrel 

tubular devices such as stents and catheters in a chemical 65 & ^ meu| groun(J away; 

etching process not requiring the use of lasers and their • FIG. 15; 

disadvantages. In this patent, a chemical resistant coating is FIG. 16 is a view taken along 



US 6,203,732 Bl 
3 4 

FIG 17 is a side-elevation view of a finished intraluminal Using a photo-imaging process as described in U.S. Pat. 

device fabricated following removal of the mandrel material No. 5,741,429 (incorporated heretn by. reference) the coal- 

fromlhe ground mandrel of FIG. IS; and ing 16 is exposed to a light source (not shown) through a 

FIG 18 is a view taken along line 18—18 of FIG. 17. photo-mask (not shown) having a light transparent pa tern 

„ s corresponding to the desired stent pattern 100. The light 

IV. DESCRIPTION OF THE PREFERRED photosensitizes a pattern 100a on the coating 16. As an 

EMBODIMENT alternative, the pattern 100a could be laser printed. The 

Referring now to the several drawing figures in which photo-sensitized pattern 100a has axial and circumferential 

identical elements are numbered identically throughout, a por tions 104a, 106a corresponding to and matching the 

description of a preferred embodiment will now be pro- w desjnd stem pat , ern m (sec piGS. 5-6). 

vided. In providing such a description, specific process ^ ^ remov6d i(J , devel . 

will be described. It will be appreciated mat variance » P ^ ^ ^ ^ ^ 

of which will be later described) of such specifics are °P»°S P^ * mb Qn , he 

intended to be included within the scope of the appended ^r^ o^^KlO. The expoLd surface pattern 

claims, c 15 1006 has axial and circumferential portions I04f>, 1066 

«f£r sts r»sr iis - - "<*>« «• **- - - 

inn / k^^« i„ cine 11 im hut is also aoolicablc to the and with the remainder of the mandrel surface 12 protected 

tt^^T!^^ * by ^ -^^.^i^y,^ 

with an etching soluuon (again, as disclosed in U.S. Pat. no. 
caineiersj. „ tinl u,«i , uhe „f 5,741,429) to form the depressed pattern 100c. Unlike U.S. 

By way of cxampte, the stent 100 u a ntanUtod tube of . ^ ? ^ ^ ^ ^ 

about ^.f^^^^SSl^Sa mm) the etchant dissolves completely .bough the thickness of the 

inch (about 19 ram) length and 0.005 inch (about 0.13 mm; „ process is controlled as is 

wall thickness. It w,l be appreciated the rec.tat.on of such raa ™ h m u the art) To terminate the etching after 

dimensions is a non ; lim,t.ng example and ,s ^"ng has penetrated a desired depth D (FIG. 10) into 

onstrate the extremely small tubular structures ,io whteh bis j» P trating wrough me in , erio r 

invention applies. In the example the s tent 100 us titanmm ™ « £ des i red depth D is selected 

and has a reticulated structure wuh , a phtrahty of open rags M ^J^,, (he desired wa „ lhickness of P the sten , 10 . As 

102 defined by axial and c«cumferential portwns 104, 106. W ^ ^ rcmoved 

For such a titanium stent 100. toe «*nlnMad « £ / or ' othef me , a , removi as win 

stainless steel which may be dissolved by an etchant whicb . * ;k°i .,J*„ f ,_„. In p, fis 15 _ 16 

does not dissolve titanium. Again, the recitation of such be described i with reference to FIGS. 15 16. 

materials is non-limiting and is given to illustrate thepresent J5 After the depressed pattern 100c is etched into the man- 

maienaisisnuiiimmii B B r 35 drel io, the remaining, unexposed area of coating 16 is 

diameter can then be removed in a grinding process or other. 12 of the mandrel 1U . . , . 

metal removing process as discussed with reference to Since the stent material 20 outside of the depressed 

FIGS 15-16. In the embodiments shown, the mandrel 10 is 4J pattern 100c is undesired, such excess material is removed, 

shown as a hollow tube (with a wall thickness of about 0.010 By way of example, the excess material may be « 

inch or about 0.25 mm) bul could be a solid rod. ground off in a center grinding process. FIGS 15-16 dlus- 

men or aomu u.za , inve n„on forms a hale the mandrel 10 and stent material 100 following such 

s=3=ssS££S£as . »Kisp^ssffi£r 

106). The stent material is deposited into the depressed portions 104c. 106ctf.be depressed pattern. 

pattern 100c to assume the desired stent pattern 100. The The stent material 100 is then separated from the mandrel 

stem 100 so-formed is separated from the mandrel 10. ,5 10 to yield the finished stent 100. Such removal may include 

Tne deposed pattern 100c is formed in the outer cylin- dissolving the mandrel 10 m a solvent which dissolve the 

me oepre»eu p« deoressed oattern mandrel material but not the stent material. It will be 

S^^^S^^SS^S^ appreciated that selection of materials and solvents and 

t iLf ,h; mlnrfrH 10 etchants for selectively dissolving one material without 

S tClTXd embodiment, the depressed . ^'oSe trT ^ — ' b ~" * «*"" 

^^hi^^a^c^Mw^n^ a previously with reference to the prior art _ However . , he 
mfndrel W (see FIGS 3-4). The coating 16 is resistant to present invention, this does not result in sharp edges a the 
"hernial elchfng in,erior sulface of lhe Stenl 100 88 P "° r 



